ABSTRACT skin, lung, thyroid, adrenal gland, lymph node, heart, spleen, liver, pancreas, kidney, and intestine. 
INTRODUCTION
Recent advances in the technique of fluorescence in situ hybridization (FISH) have yielded a wealth of basic and clinical information regarding interphase cytogenetics and its applications in prenatal genetic diagnosis, cancer genetics, toxicology, biodosimetry, and DNA sequencing (4) . However, most molecular cytogenetic studies have been performed on cultured peripheral blood lymphocytes because this cell type is easy to obtain and yields high-quality fluorescent signals. Other tissue types, particularly those embedded in paraffin, are used less frequently for interphase cytogenetic analyses. This is due in part to the unavailability of internal organ tissue in premortem clinical cases, but it is due also to the challenges involved in producing high-quality fluorescent signals when using the FISH technique on paraffin-embedded tissue sections. In these cases, low hybridization efficiency results in the generation of unreliable cytogenetic data.
One area of laboratory investigation that can benefit from the analysis of paraffin-embedded tissue sections is the molecular cytogenetic study of microchimerism. Microchimerism, or the persistence of intact foreign cells within an individual, can occur from several sources, including bidirectional fetomaternal cell trafficking, blood transfusion (2), and tissue and organ transplantation (6) . Fetomaternal cell trafficking, that is, the persistence of fetal cells in the maternal blood (and vice versa), is an especially intriguing area that is actively being investigated (1). In our laboratory, we have undertaken research to determine if the persistence of fetal cells postpartum is related to the increased prevalence of autoimmune disorders in adult women following their childbearing years (5 Here, we describe a FISH method that generates high-quality fluorescent signals in a plethora of tissue types, including skin, lung, thyroid, adrenal gland, lymph node, heart, spleen, liver, pancreas, kidney, and intestine.
MATERIALS AND METHODS
For hybridization protocol, see Table 1 . Figure 1 demonstrates fluorescent signals in a variety of tissue types produced using the FISH procedure described here. Panels A-F show the presence of male nuclei within female tissue sections. In these cases, red and green signals represent satellite regions of the X (DXZ1) and Y (PHY10) chromosomes, respectively. Table 2 shows the variation in the duration of treatment exposures in multiple tissue types that have proven to be successful in our laboratory. Table 3 shows the results of FISH scoring for microchimerism on five subjects: three females affected with autoimmune diseases, one control female, and one control male. A minimum of two tissue sections from each subject was scored.
RESULTS
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DISCUSSION
The FISH technique described here allows for the efficient and reliable analysis of various paraffin-embedded tissue types for the study of microchimerism. The quality and color of the fluorescent signals is such that scoring of female tissue sections for the presence of male nuclei is very straightforward. This analysis involves the identification of nuclei bearing green fluorescent signals (Y chromosomes) amongst a background of nuclei bearing red fluorescent signals (X chromosomes). In our experience, most of the nonspecific fluorescence, as well as autofluorescence, tends to be on the red/yellow end of the spectrum (see Figure 1 , panels E-F). The identification of male nuclei within female tissue sections can therefore be achieved at moderate microscopic magnification (400 × ). The localization of female nuclei within male tissue sections is slightly more challenging because this is based on the identification of nuclei bearing two green signals (X chromosomes) amongst a background of nuclei bearing green and red signals (X and Y chromosomes). However, this analysis can be performed successfully through the use of increased magnification (i.e., 1000 × ). In our laboratory, we have used this latter analysis to assess infant microchimerism, that is, the presence of maternal cells within male newborn tissue specimens (results not shown).
Using this FISH method, different tissue types can be processed in parallel because changes in the duration of the procedure are minimal. Parallel processing can be achieved through the incubation of slides in 2 ×SSC/0.05% Tween ® 20 at room temperature for additional time. This allows technicians to hold slides with tissue sections that require shorter exposure times in a buffer while allowing sections requiring longer exposure times to catch up. This means that all types of tissue, as well as those from different individuals, can be processed simultaneously. Table 2 shows the duration of prehybridization exposures that have proven to be successful in our laboratory. The optimal duration of all treatments must be determined in individual laboratories because variables such as external antifade. Slides are now ready for microscopic examination. Scoring Cells within hybridized tissue sections are determined to be male or female by the presence of two differently colored fluorescent signals, representing both the X and Y chromosomes, or by the presence of two similarly colored fluorescent signals, representing two X chromosomes, respectively. The intensity and diameter of the fluorescent signals must be approximately equal and must be within the periphery of a distinct nucleus that has an intact border as indicated by DAPI staining. There should be no more than minimal loss of cells from the tissue section after hybridization. Comments The duration of the acid treatment (0.2 N HCl), heat treatment (2 ×SSC at 80°C) and enzyme treatment (proteinase K at 37°C) can be changed, if necessary, depending on the tissue type being hybridized. Heat treatment has the greatest effect on the tissue for hybridization, followed by enzyme and acid treatments. Dense, sturdy tissue, such as spleen, kidney, and heart, can be subjected to an increase in duration of one or more of these treatments if initial efforts using the standard times do not yield high-quality fluorescent signals. More fragile tissue, such as skin, lung, and gut, can be exposed to a decrease in duration of one or more of these treatments if initial efforts result in the loss of cells from the surface of the slide. Positively charged microscope slides must be used because tissue sections will not remain adhered to uncharged slides. Table 1 . Hybridization Protocol temperature and humidity, personnel, and equipment can potentially affect the experimental outcome. In some cases, the exposures can be decreased as a timesaving measure. For example, FISH works consistently well with spleen and lymph node specimens in our laboratory; therefore, reductions with these tissues may be done merely to save time. However, in most cases, the optimal times are within a window of 2-3 min and must be maintained carefully. In addition, variability in tissue quality from subject to subject must also be taken into account when establishing exposure times. Further increases and/or decreases in the times shown in Table 2 may be necessary to obtain the best results. Table 3 shows the results of microscopic scoring of several tissue types from subjects affected by various autoimmune diseases and controls. These results show that, while the number of microchimeric cells within an individual may be very small (i.e., less than 1%), the FISH technique described here allows for the efficient and accurate identification and localization of these rare events. In addition, the frequency of false-positive signals using this method is negligible because unaffected tissue from disease-affected individuals and from control subjects does not show the presence of microchimeric cells.
Using this procedure, not all nuclei would be expected to contain the correct number of fluorescent signals (e.g., two X or one X and one Y chromosome signals). This is because a portion of all cells in the tissue specimens has been dissected as a result of the sectioning process. Since the recommended thickness of tissue sections with this procedure is 5 µ m, as much as half of the cell diameter may be removed during the sectioning process. Therefore, the lack of signals, or what may appear to be poor hybridization of probes, is a result of the sectioning process and not the FISH conditions. Due to this procedural artifact, it is important to have a robust method so as to ensure the most efficient hybridization conditions.
Although the relationship of microchimerism with autoimmunity remains to be elucidated, the FISH method described here allows for the identifica - tion and localization of male nuclei within female tissue sections, and vice versa. In addition to fetomaternal cell trafficking, this technique can also be used for the assessment of microchimeric states created by other means, including blood transfusion, organ transplantation, twin gestations, and the analysis of pathological specimens for the presence of contamination. Only cells with two X chromosome signals (female) or one X and one Y chromosome signal (male) were scored.
All tissue sections were approximately 1.5 × 2 cm in size except control skin tissue (5 mm 2 ).
Clinically affected tissue has been taken from individuals with autoimmune diseases. 
